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1
DRIVE DEVICE

BACKGROUND OF THE INVENTION

Field of the Invention

The present disclosure relates to a drive device.

Description of Related Art

In the related art, for example, a coupling device includ-
ing a pair ol diflerential devices and switching means for
switching between a state where starting assist 1s performed
by equally distributing the power of a drive source to right
and leit wheels of a vehicle and a state where turning assist
1s performed by generating a differential rotation between
the right and left wheels using the power of the drive source
has become known (see, for example, Patent Document 1).

[Patent Document 1] Japanese Unexamined Patent Appli-

cation, First Publication No. He1 10-291430

SUMMARY OF TH.

INVENTION

(L]

Incidentally, in the above-described coupling device of
the related art, for example, i1t 1s necessary to provide an
additional configuration in a case where a pair of diflerential
devices are switched to a direct connection state like a
so-called differential lock, a case where wheels are switched
to a fixed-to-ground state like a so-called parking lock, and
the like. The above-described coupling device of the related
art has a problem that it 1s not possible to suppress compli-
cation of the device configuration i1n order to realize a
plurality of operation modes.

An object of the present disclosure 1s to provide a drive
device capable of suppressing the complication of the device
configuration 1 order to realize a plurality of operation
modes.

In order to solve the above-described problem and
achieve the object, the present disclosure adopts the follow-
Ing aspects.

(1) A drive device (10, 10A) according to an aspect of the
present disclosure includes a drive source (11), a first
differential mechanism (15, 15A) including at least a first
clement (SL) connected to a first wheel (WL) out of two
right and left wheels, a second element (CL) connected to
the drive source, and a third element (33, 73), a shaft element
(Sc) connected to the third element, a second differential
mechanism (17, 17A) including at least a fourth element (43,
83) connected to the shait element (Sc) in common with the
third element, a fifth element (CR), and a sixth element (SR)
connected to a second wheel (WR) out of the two right and
left wheels, and a switching mechanism (19, 19A) switching
the shaft element and the fifth element to a connection state
and a non-connection state.

(2) In the drnive device described 1n (1) mentioned above,
the switching mechamism may switch the second element,
the shatft element, and the fifth element to a connection state
and a non-connection state.

(3) In the drive device described 1n (2) mentioned above,
the switching mechanism may switch each part (62, 63, 64)
in which the second element, the shaft element, and the fifth
clement are arranged 1n this order to a connection state and
a non-connection state.

(4) The drive device according to (1) mentioned above
may further include a support member (C1, C2) supporting,
the first differential mechanism and the second differential
mechanism, 1n which the switching mechanism may switch
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2

the support member and the fifth element to a connection
state and a non-connection state.

(5) In the drnive device described 1n (4) mentioned above,
the switching mechamism may switch the second element,
the shatft element, and the fifth element to a connection state
and a non-connection state.

(6) In the drnive device described 1n (4) mentioned above,
the switching mechanism may switch the support member,
the second element, and the shaft element to a connection
state and a non-connection state.

(7) A dnive device (10, 10A) according to an aspect of the
present disclosure includes a drive source (11), a first
differential mechanism (15, 15A) including at least a first
clement (SL) connected to a first wheel (WL) out of two
right and left wheels, a second element (CL) connected to
the drive source, and a third element (33, 73), a shaft element
(Sc) connected to the third element, a second differential
mechanism (17, 17A) including at least a fourth element (43,
83) connected to the shaft element (Sc) 1n common with the
third element, a fifth element (CR), and a sixth element (SR)
connected to a second wheel (WR) out of the two right and
left wheels, a support member (C1, C2) supporting the first
differential mechanism and the second differential mecha-
nism, and a switching mechanism (19, 19A) switching the
support member, the second element, and the shaft element
to a connection state and a non-connection state.

(8) In the drive device described 1n (7) mentioned above,
the switching mechanism may switch each part (61, 62, 63)
in which the support member, the second element, and the
shaft element are arranged 1n this order to a connection state
and a non-connection state.

(9) In the drnive device described 1n (8) mentioned above,
the switching mechamism may switch the shait element and
the fifth element to a connection state and a non-connection
state.

(10) In the drive device described 1n (8) mentioned above,
the switching mechamsm may switch the support member
and the fifth element to a connection state and a non-
connection state.

(11) In the drive device described 1n (8) mentioned above,
the switching mechamism may switch the second element,
the shatft element, and the fifth element to a connection state
and a non-connection state.

According to (1) described above, a diflerential operation
of a second differential mechanism does not function by the
coupling of a shaft element and a fifth element, and the
second differential mechanism and a first element (that 1s, a
first wheel and a second wheel) are rotated in the same
direction by a differential operation of a first differential
mechanism (first mode). By providing the first differential
mechanism and the second differential mechanism, 1t 1s
possible to realize a plurality of operation modes including
the first mode while suppressing the complication of the
device configuration.

In the case of (2) mentioned above, by connection
between the second element, the shaft element, and the fifth
element, the first wheel and the second wheel are rotated to
be directly connected by prohibiting relative rotations of the
first diflerential mechanism and the second differential
mechanism like a so-called differential lock (second mode).
On the other hand, the power of the drive source 1s not
transmitted to the first differential mechanism and the sec-
ond differential mechanism (third mode) due to non-con-
nection between the second element, the shaft element, and
the fifth element. It 1s possible to realize a plurality of
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operation modes including the first mode, the second mode,
and the third mode while suppressing the complication of
the device configuration.

In the case of (3) mentioned above, as compared to other
arrangements such as a case where the shaft element, the
second element, and the fifth element are arranged 1n this
order 1n each part, it 1s possible to suppress the complication
ol a configuration of the switching mechanism required for
switching between the first mode and the second mode.

In the case of (4) mentioned above, by connecting the
support member and the fifth element, the directions of
torques acting on the first element and the sixth element are
opposite to each other like a so-called zero turn (fourth
mode). It 1s possible to realize a plurality of operation modes
including the first mode and the fourth mode while sup-
pressing the complication of the device configuration.

In the case of (5) mentioned above, by connecting the
second element, the shaft element, and the fifth element, the
first wheel and the second wheel are rotated to be directly
connected by prohibiting relative rotations of the first dii-
ferential mechanism and the second differential mechanism
like a so-called differential lock (second mode). On the other
hand, the power of the drive source 1s not transmitted to the
first differential mechanism and the second differential
mechanism (third mode) due to non-connection between the
second element, the shaft element, and the fifth element. It
1s possible to realize a plurality of operation modes 1nclud-
ing the first mode, the second mode, the third mode, and the
fourth mode while suppressing the complication of the
device configuration.

In the case of (6) mentioned above, by connecting the
support member, the second element, and the shait element,
the rotation of the first element 1s prohibited by fixing the
first differential mechanism like a so-called parking lock
(fifth mode). It 1s possible to realize a plurality of operation
modes including the first mode, the fourth mode, and the
fifth mode while suppressing the complication of the device
configuration.

According to (7) mentioned above, by connecting the
support member, the second element, and the shaft element,
the rotation of the first element 1s prohibited by fixing the
first differential mechanism like a so-called parking lock
(fifth mode). By providing the first diflerential mechanism
and the second diflerential mechanism, 1t 1s possible to
realize a plurality of operation modes including the fifth
mode while suppressing the complication of the device
configuration.

In the case of (8) mentioned above, as compared to other
arrangements such as a case where the second element, the
support member, and the shaft element are arranged 1n this
order 1n each part, it 1s possible to suppress the complication
of a configuration of the switching mechanism required for
switching between the fifth mode and other modes.

In the case of (9) mentioned above, a diflerential opera-
tion of the second differential mechanism does not function
by the coupling of the shait element and the fifth element,
and the second differential mechanism and the first element
(that 1s, the first wheel and the second wheel) are rotated 1n
the same direction by a differential operation of the first
differential mechanism (first mode). It 1s possible to realize
a plurality of operation modes 1including the first mode and
the fiftth mode while suppressing the complication of the
device configuration.

In the case of (10) mentioned above, by connecting the
support member and the fifth element, the directions of
torques acting on the first element and the sixth element are
opposite to each other like turning including a so-called zero
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4

turn (fourth mode). It 1s possible to realize a plurality of
operation modes including the fourth mode and the fifth
mode while suppressing the complication of the device
configuration.

In the case of (11) mentioned above, by connection
between the second element, the shaft element, and the fifth
element, the first wheel and the second wheel are rotated to
be directly connected by prohibiting relative rotations of the
first differential mechanism and the second differential
mechanism like a so-called differential lock (second mode).
On the other hand, the power of the drive source 1s not
transmitted to the first differential mechanism and the sec-
ond differential mechanism (third mode) due to non-con-
nection between the second element, the shaft element, and
the fifth element. It 1s possible to realize a plurality of
operation modes including the second mode, the third mode,
and the fifth mode while suppressing the complication of the
device configuration.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a conceptual diagram 1llustrating a configuration
of a drive device according to an embodiment of the present
disclosure.

FIG. 2 1s a speed diagram illustrating an example of the
rotation state of each element in a first mode of the drive
device according to the embodiment of the present disclo-
sure and 1s a diagram schematically illustrating the state of
power transmission.

FIG. 3 1s a speed diagram illustrating an example of the
rotation state of each element in a second mode of the drive
device according to the embodiment of the present disclo-
sure and 1s a diagram schematically illustrating the state of
power transmission.

FIG. 4 1s a speed diagram 1illustrating an example of the
rotation state of each element 1n a third mode of the drive
device according to the embodiment of the present disclo-
sure and 1s a diagram schematically illustrating an example
of the state of power transmission.

FIG. 5 15 a speed diagram illustrating another example of
the rotation state of each element 1n the third mode of the
drive device according to the embodiment of the present
disclosure and 1s a diagram schematically illustrating
another example of the state of power transmission.

FIG. 6 1s a speed diagram illustrating an example of the
rotation state of each element in a fourth mode of the drive
device according to the embodiment of the present disclo-
sure and 1s a diagram schematically illustrating the state of
power fransmission.

FIG. 7 1s a speed diagram 1illustrating an example of the
rotation state of each element 1n a fifth mode of the drive
device according to the embodiment of the present disclo-
sure and 1s a diagram schematically illustrating the state of
power transmission.

FIG. 8 1s a conceptual diagram 1llustrating a configuration
of a drive device according to a modification example of the
embodiment of the present disclosure.

DETAILED DESCRIPTION OF TH.
INVENTION

L1

A drive device according to an embodiment of the present
disclosure will be described below with reference to the
accompanying drawings.

FIG. 1 1s a conceptual diagram 1llustrating a configuration
of a drive device 10 of the embodiment.
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The drive device 10 of the embodiment 1s, for example, a
drive device that connects and drives right and left wheels
WR and WL of a vehicle or a moving body such as a
lawnmower and a carrier.

As 1llustrated 1n FIG. 1, the drive device 10 includes, for
example, a drive source 11, a power transmission mecha-
nism 13, a first differential mechanism 15, a second differ-
ential mechanism 17, a switching mechanism 19, and a
casing C.

The drive source 11 1s, for example, a rotating electric
machine. The drive source 11 1s connected to the power
transmission mechanism 13.

The power transmission mechanism 13 transmuits, for
example, power between the drive source 11 and the first
differential mechamism 15. The power transmission mecha-
nism 13 includes, for example, a plurality of gears. The
plurality of gears include, for example, a first gear 21, a
second gear 22, a third gear 23, and a fourth gear 24 which
sequentially engage with each other. Each of the gears 21,
22,23, and 24 1s, for example, a spur gear with external teeth
whose tooth trace 1s parallel to the central axis.

The first gear 21 1s fixed to the rotating shaft of the drive
source 11. The central axis of the first gear 21 and the

rotating shaft of the drive source 11 are coaxial with each
other.

The second gear 22 and the third gear 23 are integrally
fixed with their central axes coaxial. The second gear 22
engages with the first gear 21. The third gear 23 engages
with the fourth gear 24.

The fourth gear 24 1s, for example, a rng gear with
external teeth. The fourth gear 24 i1s fixed to an outer
peripheral portion of a first case 31 to be described below of
the first differential mechanism 15. The central axis of the
fourth gear 24 and the central axis of the first case 31 are
coaxial with each other.

The first differential mechanism 15 1s connected to, for
example, the lett wheel WL. The second differential mecha-
nism 17 1s connected to, for example, the right wheel WR.
The first differential mechanism 135 and the second difler-
ential mechanism 17 have, for example, the same configu-
ration. For example, the first differential mechanism 15 and
the second differential mechanism 17 are disposed sym-
metrically bilaterally with their central axes coaxial. The
first differential mechanism 15 and the second differential
mechanism 17 are, for example, bevel gear type differential
mechanisms and are open differentials that do not have a
so-called differential limiting mechanism.

The first differential mechanism 15 includes, for example,
the first case 31, a first side gear 32, a second side gear 33,
a first pinion 34, a second pinion 35, and a first constant
velocity joint 36.

The outer shape of the first case (CL) 31 1s, for example,
a cylindrical shape. The first case 31 accommodates, for
example, the side gears 32 and 33 and the pinions 34 and 35
therein. As described above, the first case 31 1s fixed to, for
example, an 1nner peripheral portion of the fourth gear 24 of
the power transmission mechanism 13. The central axis of
the first case 31 1s coaxial with the central axis of the fourth
gear 24.

The first case 31 rotatably supports the pinions 34 and 35.
For example, the first case 31 includes a peripheral wall
portion that supports the pinions 34 and 35. The central axis
of the first case 31 1s orthogonal to the central axes of the
pinions 34 and 35. The rotation of the pinions 34 and 33 1s
the rotation centering on the central axes of the pinions 34
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The first side gear (SL) 32 and the second side gear 33 are,
for example, the same bevel gears. The central axes of the
side gears 32 and 33 are coaxial with the central axis of the
first case 31. The first side gear 32 and the second side gear
33 are disposed symmetrically along their central axes. The
side gears 32 and 33 engage with the first pinion 34 and the
second pinion 33, respectively. The first side gear 32 1s
connected to, for example, the first constant velocity joint
36.

The first pinion 34 and the second pinion 33 are, for
example, the same bevel gears. The central axes of the
pinions 34 and 35 are orthogonal to the central axis of the
first case 31. The first pinion 34 and the second pinion 35 are
disposed, for example, symmetrically along their central
axes. The pinions 34 and 35 engage with the first side gear
32 and the second side gear 33, respectively. The pinions 34
and 35 rotate about their central axes as the center of rotation
while being supported by the first case 31.

The first constant velocity joint 36 1s connected to the axle
of the left wheel WL and the rotating shait of the first side
gear 32.

The second difterential mechanism 17 includes, for
example, a second case 41, a third side gear 42, a fourth side
gear 43, a third pimion 44, a fourth pinion 45, and a second
constant velocity joint 46.

The outer shape of the second case (CR) 41 1s, for
example, a cylindrical shape. The central axis of the second
case 41 1s coaxial with the central axis of the first case 31.
The second case 41 accommodates, for example, the side
gears 42 and 43 and the pinions 44 and 45 therein. The
second case 41 rotatably supports the pinions 44 and 45. For
example, the second case 41 includes a peripheral wall
portion that support the pinions 44 and 45. The central axis
of the second case 41 1s orthogonal to the central axes of the
pinions 44 and 45. The rotation of the pinions 44 and 43 1s
about their central axes as the center of rotation.

The third side gear (SR) 42 and the fourth side gear 43 are,
for example, the same bevel gears. The central axes of the
side gears 42 and 43 are coaxial with the central axis of the
second case 41. The third side gear 42 and the fourth side
gear 43 are disposed symmetrically along their central axes.
The side gears 42 and 43 engage with the third pinion 44 and
the fourth pinion 45. The third side gear 42 1s connected to,
for example, the second constant velocity joint 46.

The third pimion 44 and the fourth pinion 435 are, for
example, the same bevel gears. The central axes of the
pinions 44 and 45 are orthogonal to the central axis of the
second case 41. The third pimion 44 and the fourth pinion 45
are disposed, for example, symmetrically along their central
axes. The pinions 44 and 45 engage with the third side gear
42 and the fourth side gear 43. The pinions 44 and 45 rotate
about their central axes as the center of rotation while being
supported by the second case 41.

The second constant velocity joint 46 1s connected to the
axle of the right wheel WR and the rotating shatt of the third
side gear 42.

The first differential mechanism 15 and the second dif-
ferential mechamism 17 are provided with a center shaft
member (Sc) 51 that connects the second side gear 33 and
the fourth side gear 43 on the mmer side in the axial
direction. The central axis of the center shaft member 51 1s
coaxial with the central axes of the first differential mecha-
nism and the second diflerential mechanism 17 (that 1s, the
central axes of the second side gear 33 and the fourth side
gear 43).

The switching mechanism 19 includes, for example, a pair
of first fixation dogs 61, a pair of second fixation dogs 62,
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a paitr of third fixation dogs 63, a pair of fourth fixation dogs
64, a pair of fifth fixation dogs 65, and a pair of movable
dogs 66.

The switching mechanism 19 switches between selective
connection and non-connection of a plurality of elements by
fitting and cancelling of fitting between the fixation dogs 61,
62, 63, 64, and 65 and the movable dogs 66, for example,
like a so-called dog clutch. The plurality of elements are set
corresponding to a plurality of operation modes to be
described below and are predetermined combinations of the
casing C, the first case 31, the second case 41, and the center
shaft member 51.

The first fixation dog 61 1s provided integrally with the
casing C to be described below. The second fixation dog 62
1s provided integrally with the first case 31. The third
fixation dog 63 1s provided integrally with the center shaft
member 51. The fourth fixation dog 64 1s provided integrally
with the second case 41. The fifth fixation dog 65 1s provided
integrally with the casing C to be described below.

For example, the fixation dogs 61, 62, 63, 64, and 65 are
arranged 1n the order of the first fixation dog 61, the second
fixation dog 62, the third fixation dog 63, the fourth fixation
dog 64, and the fifth fixation dog 65. The fixation dogs 61,
62, 63, 64, and 65 are arranged, for example, 1n a direction
parallel to the central axes of the first differential mechanism
15 and the second differential mechanism 17. The fixation
dogs 61, 62, 63, 64, and 65 are formed to have, for example,
an annular shape.

The movable dog 66 1s formed to have, for example, an
annular shape. The movable dog 66 1s disposed, for
example, on the outer diameter sides of the annular fixation
dogs 61, 62, 63, 64, and 65. For example, the central axes of
the annular fixation dogs 61, 62, 63, 64, and 65 and the
central axes of the annular movable dogs 66 are coaxial with
cach other. The movable dogs 66 move 1n the arrangement
direction of the fixation dogs 61, 62, 63, 64, and 635, for
example, by an operator’s operation through an appropriate
operation member or power of an appropriate actuator.

For example, a spline formed by a combination of convex
portions and concave portions that are detachable so as to fit
cach other 1s formed 1n the fixation dogs 61, 62, 63, 64, and
65 and the movable dogs 66. For example, the spline 1s
formed 1n each of the outer peripheral portions of the
fixation dogs 61, 62, 63, 64, and 65 and each of the inner
peripheral portions of the movable dogs 66. For example,
the splines on the outer peripheral portions of the fixation
dogs 61, 62, 63, 64, and 65 arc so-called external tooth
splines. For example, the splines on the mner peripheral
portions of the movable dogs 66 are so-called 1nternal tooth
splines.

For example, the movable dogs 66 are fitted to a prede-
termined combination of the fixation dogs 61, 62, 63, 64, and
65 by relatively moving in the arrangement direction of the
fixation dogs 61, 62, 63, 64, and 65. The movable dogs 66
integrally connects a predetermined combination of a plu-
rality of elements corresponding to the fixation dogs 61, 62,
63, 64, and 65 fitted to the movable dogs 66.

The casing C supports the first differential mechanism 15
and the second differential mechanism 17. The casing C
includes, for example, a first casing C1 provided with the
first fixation dog 61 and a second casing C2 provided with
the fifth fixation dog 63. The first casing C1 and the second
casing C2 are integrally formed and disposed to sandwich
the second fixation dog 62, the third fixation dog 63, and the
fourth fixation dog 64 by the first fixation dog 61 and the
fifth fixation dog 65 from both sides in the arrangement
direction.
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Operation Mode

Hereinaftter, operation modes of the drive device 10 of the
embodiment will be described.

FIG. 2 1s a speed diagram illustrating an example of the
rotation state of each element in a first mode of the drive
device 10 according to the embodiment, and 1s a diagram
schematically illustrating the state of power transmission.

Note that, in respective speed diagrams of FIGS. 2, 3, 4,
5, 6, and 7 to be described below, arrows directing a
common line 1indicate iputs, and arrows receding from the
common line indicates outputs.

As 1llustrated 1n FIG. 2, 1n a first mode of the drive device
10, the movable dogs 66 of the switching mechamism 19 are
sequentially fitted with the third fixation dog 63 and fourth
fixation dog 64 adjacent to each other. In the first mode, the
switching mechanism 19 directly connects the right wheel
WR and the second side gear 33 by integrally connecting the
center shaft member (Sc) 51 and the second case (CR) 41.

In the first mode, the second differential mechanism 17
and the first side gear (SL) 32 (that 1s, the right wheel WR
and the left wheel WL) are rotated 1n the same direction by
a differential operation of the first differential mechanism 135
without performing a differential operation of the second
differential mechanism 17. In the first mode, the directions
of drive forces acting on the first side gear (SL) 32, the first
case (CL) 31, and the third side gear (SR) 42 are the same
directions, and the vehicle or the like 1s moving forward or
backward.

The speed diagram illustrated in FIG. 2 1illustrates, for
example, a state where the rotation speeds of the first side
gear (SL) 32, the first case (CL) 31, and the third side gear
(SR) 42 are higher than zero by the first case (CL) 31
rotating forward with the power of the drive source 11, and
the vehicle or the like 1s moving forward. In this case, the
rotation speeds of the first side gear (SL) 32 and the third
side gear (SR) 42 are the same by the power of the dnive
source 11 being transmitted to be equally distributed to the
first side gear (SL) 32 and the third side gear (SR) 42.

Further, in the first mode, 1n a state where the vehicle or
the like 1s turning while moving forward or backward by a
differential operation of the first differential mechanism 15,
the common lines in the speed diagrams are inclined
obliquely so as to absorb a difference 1n the number of
rotations of the right and left wheels WR and WL.

FIG. 3 1s a speed diagram illustrating an example of the
rotation state of each element in a second mode of the drive
device 10 according to the embodiment and schematically
illustrating the state of power transmission.

As 1llustrated 1n FIG. 3, 1n the second mode of the drive
device 10, the movable dogs 66 of the switching mechanism
19 are sequentially fitted to the second fixation dog 62, the
third fixation dog 63, and the fourth fixation dog 64 that are
adjacent to each other. In the second mode, the switching
mechanism 19 directly connects the right and left wheels
WR and WL by integrally connecting the first case (CL) 31,
the center shait member (Sc) 51, and the second case (CR)
41.

In the second mode, the relative rotations of the right and
lett wheels WR and WL 1s prohibited by prohibiting the
differential operations of the first diflerential mechanism 15
and the second differential mechanism 17. In the second
mode, drive forces acting on the first side gear (SL) 32 and
the third side gear (SR) 42 1s the same, and the vehicle or the
like 1s 1n a so-called differential lock state.

The speed diagram illustrated in FIG. 3 illustrates, for
example, a state where the rotation speeds of the first side
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gear (SL) 32, the first case (CL) 31, and the third side gear
(SR) 42 are the same rotation speeds higher than zero by the
first case (CL) 31 rotating forward with the power of the
drive source 11, and the vehicle or the like 1s moving
forward.

In the speed diagram in the second mode, the rotation
speeds of the first side gear (SL) 32 and the third side gear
(SR) 42 are the same as 1n the speed diagram in the first
mode 1n which the vehicle or the like 1s moving straight. In
the case of the second mode, there 1s no difference in the
number of rotations of the right and left wheels WR and WL
due to differential operations as in the first mode by the
directly connection state of the right and left wheels WR and
WL. For example, even when any one of the right and left
wheels WR and WL runs i1dle, the vehicle or the like moves
by the other wheel that transmits a driving force to a running,
road or the like.

FIG. 4 1s a speed diagram 1llustrating an example of the
rotation state of each element in a third mode of the drive
device 10 according to the embodiment and 1s a diagram
schematically 1llustrating an example of the state of power
transmission. FIG. 1s a speed diagram illustrating another
example of the rotation state of each element in the third
mode of the drive device 10 according to the embodiment
and 1s a diagram schematically 1llustrating another example
of the state of power transmission.

As 1llustrated 1n FIGS. 4 and 5, in the third mode of the
drive device 10, the movable dogs 66 of the switching
mechanism 19 are fitted to only the first fixation dog 61 or
the fifth fixation dog 65 or are fitted to neither one of the
fixation dogs 61, 62, 63, 64, and 65. In the third mode, the
switching mechanism 19 sets any combination of the casing
C, the first case (CL) 31, the center shaft member (Sc) 51,
and the second case (CR) 41 to be 1n a non-connection state.

In the third mode, the power of the drive source 11 1s not
transmitted to the first side gear (SL) 32 and third side gear
(SR) 42 by the pinions 34 and 35 running 1dle 1n the first
differential mechanism 15 and the pinions 44 and 45 running
idle 1n the second differential mechanism 17. In the third
mode, the drive source 11 1s disconnected from the right and
left wheels WR and WL.

Note that, 1n the third mode, the second case (CR) 41, the
center shaft member (Sc) 51, the second side gear 33, the
fourth side gear 43, and the third fixation dog 63 are also
running idle.

The speed diagram illustrated 1n FI1G. 4, for example, even
when the rotation speed of the center shaft member (Sc) 51
becomes higher than zero due to the forward rotation of the
first case (CL) 31 with the power of the drnive source 11,
power 1s not transmitted to the first side gear (SL) 32 and the
third side gear (SR) 42, and the vehicle or the like remains
stopped.

For example, the speed diagram illustrated in FIG. 5
illustrates a state where the rotation of the right and leit
wheels WR and WL 1s not transmitted to the drive source 11
due to the disconnection between the drive source 11 and the
right and left wheels WR and WL, and the right and left
wheels WR and WL are moving while rotating due to an
external force such as a force of pushing the vehicle or the
like by an operator. In this case, the magnitude of an external
force required to move the vehicle or the like (that 1s, 1n
order to rotate the right and left wheels WR and WL)
becomes smaller than that in a case where the drive source
11 and the night and left wheels WR and WL are not
disconnected from each other.

FIG. 6 1s a speed diagram 1llustrating an example of the
rotation state of each element in a fourth mode of the drive
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device 10 according to the embodiment, and 1s a diagram
schematically 1llustrating the state of power transmission.

As 1llustrated 1n FIG. 6, 1in the fourth mode of the drive
device 10, the movable dogs 66 of the switching mechanism
19 are sequentially fitted to the fourth fixation dog 64 and the
fifth fixation dog 65 that are adjacent to each other. In the
second mode, the switching mechamsm 19 sets the second
case (CR) 41 to be 1n a fixed state by integrally connecting
the second case (CR) 41 and the second casing C2.

In the fourth mode, the rotations of the third side gear
(SR) 42 and the fourth side gear 43 are reversed in the
second differential mechanism 17, and thus the directions of
torques acting on the first side gear (SL) 32 and the third side
gear (SR) 42 are opposite to each other. In the fourth mode,

the direction of a driving force acting on the first side gear
(SL) 32 and the first case (CL) 31 and the direction of a
driving force acting on the third side gear (SR) 42 are
opposite to each other, and the vehicle or the like 1s 1 a
turning state including a so-called zero turn.

For example, the speed diagram illustrated in FIG. 6
illustrates a state where a positive torque and a negative
torque respectively act on the first side gear (SL) 32 and the
third side gear (SR) 42 due to the forward rotation of the first
case (CL) 31 with the power of the drive source 11, and the
vehicle or the like turns right by a so-called zero turn. In this
case, the rotation of the center shaft member (Sc) 51 and the
third side gear (SR) 42 are reversed, and thus the forward
rotation of the center shaft member (Sc) 51 1s converted into
the reverse rotation of the third side gear (SR) 42 by the
second differential mechanism 17. The left wheel WL 1s
rotating forward (rotation in a forward direction), and the
right wheel WR 1s rotating reversely (rotation in a backward
direction), and thus the vehicle or the like turns right 1n a
Zero turn state.

FIG. 7 1s a speed diagram illustrating an example of the
rotation state of each element 1n a fifth mode of the drive
device 10 according to the embodiment and 1s a diagram
schematically 1llustrating the state of power transmission.

As 1llustrated 1in FIG. 7, 1in the fifth mode of the drive
device 10, the movable dogs 66 of the switching mechanism
19 are sequentially fitted to the first fixation dog 61, the
second fixation dog 62, and the third fixation dog 63 that are
adjacent to each other. In the fifth mode, the switching
mechamism 19 sets the left wheel WL to be 1n a fixed state
by integrally connecting the first casing C1, the first case
(CL) 31, and the center shait member (Sc) 31.

The fifth mode 1s a state where the rotation of the left
wheel WL 1s prohibited by fixing the first diflerential mecha-
nism 15, which 1s a so-called parking lock state of the
vehicle or the like.

The speed diagram illustrated in FIG. 7 illustrates, for

example, a state where the rotation speeds of the first side
gear (SL) 32, the first case (CL) 31, the center shait member

(Sc) 51, and the third side gear (SR) 42 are set to zero, and
the vehicle or the like 1s stopped.

As described above, the drive device 10 of the embodi-
ment includes the first diflerential mechanism 15, the second
differential mechanism 17, the switching mechanism 19, and
the casing C, and thus 1t 1s possible to realize a plurality of
operation modes including the first mode, the second mode,
the third mode, the fourth mode, and the fifth mode while
suppressing the complication of the device configuration.

The fixation dogs 61, 62, 63, 64, and 65 of the switching
mechanism 19 are arranged 1n the order of the first fixation
dog 61, the second fixation dog 62, the third fixation dog 63,
the fourth fixation dog 64, and the fifth fixation dog 65, and
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thus 1t 1s possible to suppress the complication of a con-
figuration required for switching between a plurality of

operation modes.

Compared to other arrangements in which, for example,
the fixation dogs 62, 63, and 64 are arranged in the order of
the third fixation dog 63, the second fixation dog 62, and the
fourth fixation dog 64, 1t 1s possible to suppress the com-
plication of the configuration of the switching mechanism 19
required for switching between the first mode and the second
mode.

Compared to other arrangements in which, for example,
the fixation dogs 61, 62, and 63 are arranged in the order of
the second fixation dog 62, the first fixation dog 61, and the
third fixation dog 63, 1t 1s possible to suppress the compli-
cation of the configuration of the switching mechamism 19
required for switching between the fifth mode and another
mode.

Modification Example

Hereinafter, a modification example of the embodiment
will be described. Note that the same portions as those in the
above-described embodiment are denoted by the same ret-
erence numerals and signs, and description thereof will be
omitted or simplified.

Although the first differential mechanism 15 and the
second differential mechanism 17 are assumed to be bevel
gear type differential mechanisms in the above-described
embodiment, the present disclosure 1s not limited thereto,
and they may be planetary gear type differential mecha-
nisms.

FIG. 8 1s a conceptual diagram illustrating a configuration
of a drive device 10A according to the modification example
of the embodiment.

As 1llustrated 1n FIG. 8, the drive device 10A according to
the modification example includes, for example, a drive
source 11, a power transmission mechanism 13, a first
differential mechanism 15A, a second differential mecha-
nism 17A, a switching mechanism 19A, and a casing C.

A fourth gear 24 of the power transmission mechanism 13
according to the modification example 1s fixed to the outer
peripheral portion of a first ring gear 71 to be described
below of the first differential mechanism 15A according to
the modification example. The central axis of the fourth gear
24 1s coaxial with the central axis of the first ring gear 71.

The first differential mechanism 15A according to the
modification example 1s connected to, for example, a left
wheel WL. The second differential mechanism 17A accord-
ing to the modification example i1s connected to, for
example, a right wheel WR. The first differential mechanism
15A and the second differential mechanism 17A according
to the modification example include, for example, the same
configuration. The first differential mechanism 15A and the
second differential mechanism 17A according to the modi-
fication example are disposed symmetrically bilaterally with
their central axes coaxial. The first differential mechanism
15A and the second differential mechanism 17A according
to the modification example are, for example, planetary gear
type differential mechanisms.

The first differential mechanism 15A according to the
modification example includes, for example, a first ring gear
71, a first carrier 72, a first sun gear 73, a pair of {first
planetary gears 74, a pair of second planetary gears 75, and
a first constant velocity joint 36.

The first ring gear (CL) 71 1s, for example, a spur gear
with internal teeth 71a whose tooth trace 1s parallel to the

central axis. As described above, the first ring gear 71 1s
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fixed to, for example, an inner peripheral portion of the
fourth gear 24 of the power transmission mechanism 13. The
central axis of the first ring gear 71 1s coaxial with the central
axis of the fourth gear 24.

The first carrier (SL) 72 rotatably supports the planetary
gears 74 and 75. The central axis of the first carrier 72 1s
coaxial with the central axis of the first ring gear 71 1is
parallel to the central axes of the planetary gears 74 and 75.
The rotation of the planetary gears 74 and 75 1s the rotation
centering on the central axes of the planetary gears 74 and
75. The first carrier 72 1s connected to, for example, the first
constant velocity joint 36.

The first sun gear 73 1s, for example, a spur gear with
external teeth. The central axis of the first sun gear 73 1is
coaxial with the central axis of the first carrier 72. The first
sun gear 73 engages with the first planetary gears 74.

The pair of first planetary gears 74 and the pair of second
planetary gears 75 are, for example, spur gears with external
teeth. The central axes of the first planetary gears 74 and the
second planetary gears 75 are parallel to the central axis of
the first sun gear 73. The first planetary gears 74 engage with
the first sun gear 73 and the second planetary gears 75. The
second planetary gears 75 engage with the first planetary
gears 74 and the internal teeth 71q of the first ring gear 71.

The second differential mechanism 17A according to the
modification example includes, for example, a second ring
gear 81, a second carrier 82, a second sun gear 83, a pair of
third planetary gears 84, a pair of fourth planetary gears 85,
a second constant velocity joint 46.

The second ring gear (CR) 81 1s, for example, a spur gear
with internal teeth 81a whose tooth trace 1s parallel to its
central axis. The central axis of the second ring gear 81 1s
coaxial with the central axis of the first ring gear 71.

The second carnier (SR) 82 rotatably supports the plan-
ctary gears 84 and 85. The central axis of the second carrier
82 15 coaxial with the central axis of the second ring gear 81,
and 1s parallel to the central axes of the planetary gears 84
and 85. The rotation of the planetary gears 84 and 83 1s the
rotation centering on the central axes of the planetary gears
84 and 85. The second carrier 82 i1s connected to, for
example, the second constant velocity joint 46.

The second sun gear 83 1s, for example, a spur gear with
external teeth. The center axis of the second sun gear 83 is
coaxial with the center axis of the second carrier 82. The
second sun gear 83 engages with the third planetary gears
84.

The pair of third planetary gears 84 and the pair of fourth
planetary gears 85 are, for example, spur gears with external
teeth. The central axes of the third planetary gears 84 and the
fourth planetary gears 85 are parallel to the central axis of
the second sun gear 83. The third planetary gears 84 engage
with the second sun gear 83 and the fourth planetary gears
85. The fourth planetary gears 835 engage with the third
planetary gears 84 and the internal teeth 81a of the second
ring gear 81.

Each of the first differential mechanism 15A and the
second differential mechanism 17A according to the modi-
fication example includes a center shait member (Sc) 91 that
connects the first sun gear 73 and the second sun gear 83.
The central axis of the center shait member 91 1s coaxial
with the central axes of the first differential mechanism 15A
and the second differential mechanism 17A (that 1s, the
central axes of the first sun gear 73 and the second sun gear
83) according to the modification example.

The switching mechanism 19A according to the modifi-
cation example includes, for example, a pair of first fixation
dogs 61, a pair of second fixation dogs 62, a pair of third
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fixation dogs 63, a pair of fourth fixation dogs 64, a pair of
fifth fixation dogs 65, and a pair of movable dogs 66.

The first fixation dogs 61 are integrally provided in the
first casing C1 of the casing C. The second fixation dogs 62
are integrally provided 1n the first ring gear 71. The third
fixation dogs 63 are integrally provided in the center shaft
member 91. The fourth fixation dogs 64 are integrally
provided 1n the second ring gear 81. The {ifth fixation dogs
65 are integrally provided in the second casing C2 of the
casing C.

For example, the fixation dogs 61, 62, 63, 64, and 65 are
arranged 1n the order of the first fixation dog 61, the second
fixation dog 62, the third fixation dog 63, the fourth fixation
dog 64, and the fifth fixation dog 65. The fixation dogs 61,
62, 63, 64, and 65 are arranged, for example, 1n a direction
parallel to the central axes of the first differential mechanism
15A and the second differential mechanism 17A according
to the modification example.

The first ring gear (CL) 71, the first carrier (SL) 72, and
the first sun gear 73 of the first diflerential mechanism 15A
according to the modification example are equivalent to the
first case (CL) 31, the first side gear (SL) 32, and the second
side gear 33 of the first differential mechanism 15 in the
embodiment.

The second ring gear (CR) 81, the second carrier (SR) 82,
and the second sun gear 83 of the second differential
mechanism 17A according to the modification example are
equivalent to the second case (CR) 41, the third side gear
(SR) 42, and the fourth side gear 43 of the second differential
mechamism 17 1n the embodiment.

The center shaft member (Sc) 91 according to the modi-
fication example 1s equivalent to the center shaft member
(Sc) 51 of the embodiment.

In the embodiment described above, the driving of the
movable dogs 66 of the switching mechanism 19 may be
controlled by an appropriate control device.

The control device includes a software function unit that
functions by executing a predetermined program by a pro-
cessor such as a central processing unit (CPU). The software
function unit 1s an electronic control unit (ECU) including a
processor such as a CPU, a read only memory (ROM) that
stores programs, a random access memory (RAM) that
temporarily stores data, and an electronic circuit such as a
timer. Note that at least a portion of the control device may
be an integrated circuit such as a large scale integration
(LSI).

While preferred embodiments of the invention have been
described and illustrated above, it should be understood that
these are exemplary of the mvention and are not to be
considered as limiting. Additions, omissions, substitutions,
and other modifications can be made without departing from
the spirit or scope of the present disclosure. Accordingly, the
invention 1s not to be considered as being limited by the
foregoing description and 1s only limited by the scope of the
appended claims.

What 1s claimed 1s:

1. A drive device comprising;:

a drive source;

a first differential mechanism including at least a first
clement operatively connected to a first wheel out of
two right and left wheels, a second element operatively
connected to the drive source, and a third element;

a shaft element operatively connected to the third ele-
ment;

a second differential mechanism including at least a fourth
clement operatively connected to the shaft element 1n
common with the third element, a fifth element, and a
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sixth element operatively connected to a second wheel
out of the two right and leit wheels;
a support member supporting the first differential mecha-
nism and the second differential mechanism; and
a switching mechanism switching the shait element and
the fifth element to a connection state and a non-
connection state,
wherein the switching mechanism has
a first connection mode 1 which, via the switching
mechanism, the second element, the shaft element,
and the fifth element are connected, and in which the
first wheel and the second wheel are rotated to be

directly connected by prohibiting relative rotations
of the first differential mechanism and the second
differential mechanism,

a second connection mode 1n which, via the switching
mechanism, the support member, the second ele-
ment, and the shaft element are connected, and i1n
which a rotation of the first element 1s prohibited by
fixing the first differential mechanism.

2. The drive device according to claim 1, wherein the
switching mechanism switches each part in which the sec-
ond element, the shaft element, and the fifth element are
arranged 1n this order to a the first connection mode and a
non-connection state.

3. The drive device according to claim 1, further com-
prising;:

wherein the switching mechanism switches the support
member and the fifth element to a connection state and
a non-connection state.

4. The drive device according to claim 3, wherein the
switching mechanism switches the second element, the shaift
element, and the fifth element to the first connection mode
and a non-connection state.

5. A dnive device comprising:

a drive source:

a first differential mechanism including at least a first
clement operatively connected to a first wheel out of
two right and left wheels, a second element operatively
connected to the drive source, and a third element;

a shait element operatively connected to the third ele-
ment,

a second differential mechanism including at least a fourth
clement operatively connected to the shaft element 1n
common with the third element, a fifth element, and a
sixth element operatively connected to a second wheel
out of the two right and leit wheels;

a support member supporting the first differential mecha-
nism and the second differential mechanism; and

a switching mechanism switching between a {irst connec-
tion mode 1n which the second element, the shaft
element, and the fifth element are connected and a
second connection mode 1n which the support member,
the second element, and the shalt element are con-
nected,

wherein the switching mechanism switches each part 1n
which the support member, the second element, and the
shaft element are arranged 1n this order to the second
connection mode and a non-connection state, and

wherein the switching mechanism switches the shaft
clement and the fifth element to a connection state and

a non-connection state.

6. A drive device comprising:

a drive source:

a first differential mechanism including at least a first
clement operatively connected to a first wheel out of
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two right and left wheels, a second element operatively
connected to the drive source, and a third element;

a shaft element operatively connected to the third ele-
ment,

a second differential mechanism including at least a fourth
clement operatively connected to the shaft element 1n
common with the third element, a fifth element, and a
sixth element operatively connected to a second wheel
out of the two right and leit wheels;

a support member supporting the first differential mecha-
nism and the second differential mechanism; and

a switching mechanism switching between a first connec-
tion mode 1n which the second element, the shaft
element, and the fifth element are connected, and a
second connection mode 1n which the support member,
the second element, and the shalt element are con-
nected,

wherein the switching mechanism switches each part 1n
which the support member, the second element, and the

shaft element are arranged 1n this order to the second
connection mode and a non-connection state, and

wherein the switching mechanism switches the support
member and the fifth element to a connection state and
a non-connection state.
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